INTRODUCTION
In complying with the very cordial request of Dr. M. L. Rhein and Dr. F. S. McKay, Chairmen of the Sections on Pathodontia and Periodontia of the First District Dental Society of the State of New York, to make an address this evening, the writer desires to express his lively appreciation of the kind invitation extended to him, and to say that it affords him much pleasure to have an opportunity of re-stating his observations and matured opinions on the subject which has been announced. While cementum, from a purely histological point of view, is the least interesting of the three calcified dental tissues, chiefly on account 1 NO. 1 of the fact that its structure and functions are of a simpler character than those of enamel and dentine, and therefore do not admit of the possibility of so many unsolved problems and so much controversy, its importance as a mechanical and anatomical agent in maintaining the normal articulation of teeth to their attachment to the jaws, cannot be overestimated. Hence it is to be hoped that a brief consideration of this tissue will on this occasion be of interest and profit.
In order to limit the discussion of the subject somewhat, a description of the minute anatomy and physiological properties of this tissue, as found in the teeth of man only, will engage our attention, with only passing references to that of the lower animals.
HUMAN CEMENTUM
When a normal tooth, recently removed from its articulation with the alveolar processes of the maxilla or mandible, is examined macroscopically, it is noticed that, covering the surface of the root, is a white, dense membrane of connective tissue, which presents a remarkable contrast to the smooth, shiny, white, non-lustrous enamel of the crown. This soft tissue is the alveolo-dental periosteum, synonymously termed "pericementum," "peridental," or "periodontal" membrane, or "dental ligament." Of these, the first-named is the most correct and the last the most incorrect, for the tissue intervenes, when in situ, between the lamina dura of the alveolar process of the bone of the jaw and the cementum, and corresponds with, or is the homologue or analogue, in a modified degree, of the periosteum of bone generally. This modification consists in the fact that, here, this layer of soft connective tissue is placed between two hard substances, whereas the osseous periosteum extends over the free surface of one hard substance only.
On the removal of the alveolo-dental periosteum, the free external surface of cementum is revealed and presents a dull smooth appearance of a whitish-yellow color.
These notes will deal with the following points in connection with a study of cementum: origin, distribution, dimensions, relationships to enamel, chemical composition, histology, histo-pathology, functions, and clinical significance.
Origin formationn and development)
During the development of a tooth from the mesodermic tissue surrounding the dentine papilla, there arises a different arrangement of cells which rapidly and ultimately become changed in shape from round to long fusiform bodies. To this the name of "dental sac," or "dental follicle," or preferably "dental capsule," has been given. It protects the tooth germ from injury during the period of its growth.
TIc. 1. HU MAN (N0ORMAL) CEMFEN-TUL31; PREPA.RED BY GRINDING, A-ND STUNT-1') WXITH CHLORIDE OF GOLD2
Magnified 40 diameters. C. Cementum not yet completely calcified, showing perforating canals and connective-tissue fibres. XI. L.-Homogeneous layer of dentine, structureless and continuous around the periphery of the dentine of the root. D.-Dentine. P.11. Alveolo-dental periosteum. and is surrounded by the bony crypt of the tooth in its alveolar socket. The dental capsule, having performed this important function during its short existence, is called upon to provide the two dental tissues which are termed cementum and the alveolo-dental periosteum. Of these, the former is derived from its inner, and the latter from its outer, layer. 2 The original photomicrograpbs for these illustrations were prepared by the author.
Restricting these remarks to the cementum only, it may be stated that this tissue is deposited on that layer of dentine which is the first formed, and is going to constitute the greater mass of the root of the tooth. Thus, it is apparent that, similar to the crown and cervical portions of the tooth, dentine is developed from without inwards, and cementum, like enamel, from within outwards. In other words, the first-formed dentine and cementum are in close juxtaposition. Whereas the line of demarcation between enamel and dentine is well definedthe amelo-dentinal junctionthat between the dentine of the root and the cementum is exceedingly ill defined; so much so that, in sections, it is almost always impossible to determine where one tissue ends and the other begins. In a word, both dentine and cementum are mesodermic in origin, and are derived from cells of a similar histological character and physiological function.
The method of formation of cementum closely resembles that of intra-membranous ossification of bone, namely, the deposit on fibres of connective tissue, called, in the case of bone, osteogenetic fibres, of masses of small globules which are the product of numerous small round cells, functioning as osteoblasts. These are termed by some authors " cementoblasts" on account of their special work-an unnecessary word in the opinion of the writer. These osteoblastic cells build up a solid wall of dense, hard tissue which surrounds the dentine of the roots of teeth, in probably exactly the same manner as the peripheric lamellae (i.e., the sub-periosteal parts) of bone are formed. It therefore follows that the cementum of teeth is the homologue and the analogue of the peripheric lamellae of compact bone.'
Distribution
In man and mammals generally, cementum forms the cortex of the radicular dentine of teeth, passing over the whole of the root, with the exception of the apical foramen in a single rooted tooth or the apical foramina in a multi-rooted tooth. In some of the herbivora, in fact in most species of this class of animal, the cementum exists as a coronal covering in addition to uniting groups and denticles of the teeth.
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Dimzensions
Measurements which the writer has repeatedly made indicate that the tissue is exceedingly thin. Normally it varies in width from 1 / to 175 or 250 A, that is, approximately 1 /100th of an inch.
Compared with this the cutting edge of a knife blade is very broad! TlFhe edgle of a safety-razor blade is merely a trifle thinner! So fine is this tissue that its surface alone is visible to the naked eye. -ertical or horizontal section be made and examined macroscopically, it is impossible to define its narrow limits. Even under the microscope usually it is difficult, as has already been admitted, to ascertain its amount aIndI the exact position of the dentino-cemental junction. This point of the narrowness of the sheet of cementum spread over the roots of teeth is of great importance when considering the questions of its physiological attributes; for it is obvious, from the very first, that the cementum is too thin to admit of any appreciable amount of the nutrition, vascularization, or innervation, which has been so often claimed for it.
Relationships to enamel
The relationships of -cementum to enamel have been examined specially by Choquet (5) and Thorsen (9) , the latter of whom studied the matter recently. He found, in sections of the cervical regions of the teeth, that enamel meets cementum, edge to edge, in 30 per cent of cases; is covered by cementum in 60 to 65 per cent; and covers cementum in 0.5 per cent. In 5 to 10 per cent the two tissues do not come in contact at all, a minute portion of the underlying dentine being thus exposed. This area of dentine is sensitive to tactile impressions and becomes frequently the site of erosion.
Chemical composition
The technique of making an accurate'analysis of human cementum is so difficult, on account of scarcity of material, and on account of the impossibility (in attempting research) of excluding portions of subjacent dentine from the substance to be examined, that it may at once be-stated its chemical composition is unknown. While enamel and dentine have engaged the experiments of Berzelius (1), Galippe (7) , Hoppe-Seyler (8), Tomes (10), Evans (6) , and others, it has been taken for granted that cementum has the same chemical contents as bone. But this tissue is not bone, not even modified bone. It is a unique substance, even as enamel and dentine are unique anatomical structures. The formula of the chemical make-up of cementum , as given in some text-books, is erroneous and, therefore, entirely untrustworthy. Histology
Fully formed and perfectly calcified cementum in man is practically without any histological pattern or design. It is devoid of cells, blood vessels, nervous system, lacunae, or connective tissue, for the connective-tissue fibres in which it is developed have lost, in perfect cementum, their outlines and forms, having been completely calcified and thus blended thoroughly with the matrix of the tissue generally. This matrix is arranged in layers or lamellae which usually run in the same direction as the long axis of the tooth, namely, vertically. Their number is by no means constant. Thus, there may be any number from five or six to twenty or thirty, or more. The lamellae, as shown by Broomell (4), may be wavy in outline and exhibit " vari- refractive index from the rest of the matrix. The lamellae appear as unbroken wavy lines. In young, newly-formed tissue they are much thinner, as Broomell has demonstrated, at the cervical margins of the teeth than at their apical regions; and in adult cementun their width is greater, and they are more numerous in the latter than in the former situation. The general appearance of the matrix is either granular or hyaline, like ground-glass, or composed of many multitudes of amorphous bodies, which undoubtedly are the original calcospherites deposited by the round osteoblastic cells during development.
Bounding and separating the lamellae are several markings called "incremental lines." In some instances these are very pronounced. In perfectly formned tissue, however, they are absent and the whole structure presents a homogeneous ground-glass-like appearance. It may be surmised, therefore, that normal cemrentum is L L nothing more nor less than an extremely thin sheet of glass-like material, which bears a direct histological resemblance to the homogeneous layer of (lentine to be presently described. (Fig. 2.) In addition to the lamellae and incremental lines, sections frequentlv show the presence of thick bundles of white connective tissue fibres, traversing the thickness of the tissue at right or acute angles with the dentine. These are the so-called "perforating fibres," which aire disposed in broad somewhat irregular canals. They may extend half-way through the tissue. Black (2) considered them, and most probably correctly believed them, to be the semi-calcified remains of the "principal fibres of the periodontal membrane." These tibres can at times be stained with gold chloride; and it is undloubteElly this fact that has given rise to the erroneous Cassumption that cenwentumni contains protoplalsmic filaments. In the earlier editions of his 'I)ental Anatomy," Sir Charles TFomnes described a chain of b1ving protoplasm as passing through the cementum from the periodlontal membrane on the outside to the dentine on the inner side. lddlecker (3) elaborated that point years ago. The mistake undoubtedly arose from the misconception of the actual events which occur in the calcification and development of the tissue, and the failure to recognize the now undisputed realization of the truth that cenmentum is formed and calcified like bone in membrane.
There is another class of fibre frequently to be seen in cementum.
If sections are decalcified and stained by Bielschowsky's method, Sharpey's fibres are clearly revealed. These can be identified as the perforating fibres in the lamellae of compact bone. They are short, straight or slightly curved bundles of connective-tissue fibres, which penetrate the tissue from without and are totally distinct from the "perforating fibres" already noted. They are truly "penetrating fibres." Broomell would recognize three zones or layers in cernenturni: an inner, granular zone, unbroken and continuous with the homogeneous layer of dentine; an intermediate zone, containing many lacunae, which disappear as complete calcification proceeds; and an outer zone, exhibiting many incremental lines.
As has been already remarked it is obvious that cementum is entirely non-vascular and, therefore, incapable of nourishment or vitality in any degree.
Attention must be directed for a moment to the homogeneous layer of dentine. Immediately external to the granular layer of Tomes, found in the dentine of the roots of human teeth, comes this important layer. It is an exceedingly narrow strip of homogeneous tissue, which is entirely devoid of any histological elements whatsoever. It is bounded externally by the first formed cementum, internally by the granular layer of Tomes. Its importance will be readily conceded when it is pointed out that this homogeneous layer acts, by virtue of its position and its structureless character, as an efficient barrier to the outward passage of drugs or medicaments placed in the root canal in the treatment of pulpless teeth. (Figs. 1, 3 
and 7.)
Assuming that drugs can travel to the utmost extent of the dentinal tubes-and it is to be doubted it is impossible in normal con-ditions for them to pass into the cementum and so to the periodontal membrane. Thus, fortunately for mankind, one may use indiscriminately, and without fear of injuring the cementum or periodontal membrane, any or every drug of an escharotic or other nature. Otherwise, there would always be the possibility of the production of inflammation of the periodontal membrane, with subsequent loosening and loss of the teeth.
The foregoing remarks may be applied, without qualification, to the cementum-of the deciduous teeth and also to the supernumerary teeth, with the exception that in these instances the cementum is relatively thinner than obtains in the permanent series.
Histo-pathology
Every section of cementum which has become histologically altered through the influence of disturbing factors on its free surface, may exhibit the well-known appearances of hyperplasia, familiar under the name of "exostosis." Again, we have discarded the old and incorrect appellation "exostosis," which is really solely applicable to bone. Every inflammatory condition of the alveolo-dental perinosteum, whether acute, sub-acute or chronic, indeed every slight irritation of this membrane, is attended by activity on the part of the osteoblasts covering the surface of the cementum, and results in the formation of new material and the presence of lacunae. When an area has been absorbed and new cementum deposited, lacunae are invariably found in the new material. Now, if hyperplasic cementum be examined with the naked eye or a hand-lens, it may be impossible to see signs of any abnormal change. If it is slight, there may be no appreciable amount of growth or enlargement. There may be, in severer forms, rough cancellous deposits or merely smooth rounded nodules, somewhat like enamel nodules or "pearls." The roots may appear to be elongated and thickened, and are often joined together by the new growth, a condition which gives rise to the term "false gemination," when this is so extensive as to produce a union of one or more teeth. Hyperplasia is not hypertrophy, for the latter implies simple increase in size of the elementary structures of a part, leading to structural changes as a result of increased nutrition. Hypertrophy of the cementum, strictly speaking, cannot therefore exist.
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Conspicuously displayed in the hyperplasic cermentuni are numerous lacunae, spaces or holes, or clefts, in the tissue, totally unlike anything seen elsewhere in the body. If these lacunae are compared with those of norm-al bone, many points of difference can be readily detected. They are larger, more irregular in outline, possess a greater number of off-shoots or canaliculi than those of bone lacunae.
Thus, in size, they may measure, as Kblliker has computed, from 10 y to 60 A or more. They are distributed unevenly and unequally throughout such cementum. Their processes or canaliculi are numerous branched channels, which may extend to from 6 to 8 M in length. According to their appearance, the lacunac may bc variously described as (1) rounded or oval, (2) rimous. like a chink or cleft.
(3) arborescent, like a branch of a tree, (4) plumiliformn, like a small feather. They may communicate through their off-shoots with one another by a kind of anastomosis. They may end in free extremities. They may even pass (when the hyperplasic cementum has been absorbed) into the homogeneous layer of dentine and the granular layer of Tomes. (Fig. 7.) What constitutes the contents of these lacunae is known very imperfectly. It may be suggested that they contain air, or are empty; or an atrophied osteoblast may still remain imprisoned in situ. It has been argued by Heitzmann and Bbdecker that, in the fresh state, they contain protoplasm. This is probably incorrect; and, if it were an established fact, it is difficult to determine the precise role of the protoplasm which they are said to contain. The so-called sensitiveness of cementum has been ascribed to the presence of protoplasm in these spaces, but the phenomenon admits of a different and more plausible interpretation. In fact, it is certain that cementum is not sensitive-there are no nerves present in its substance-but that it is capable of transmitting sensations to the underlying dentine.
If the cementum were modified bone, as is so frequently asserted, it is reasonable to expect that osseous ankylosis of the teeth to their sockets would be comparatively frequent, which is not the case. Only ten or a dozen cases in man have been recorded, and it is the rule that, in the lower animals, such ankylosis seldom, if ever, occurs. The reason why osseous ankylosis does not commonly take place is the fact that, while cementum is receiving huge depositions on its surface of added material of a hyperplasic nature, the alveolar socket is undergoing equally extensive changes, in which the bone may either become harder, denser and thicker, i.e., sclerosed, or the opposite, namely, atrophied, shrunken and softened. The former occurs in healthy individuals; the latter, in weak, debilitated subjects whose physiological resistance is low.
Functions
Looking with a broad vision at the question of the functions and uses of cementum, one may say, with little fear of contradiction or refutation, that human cementum exists merely for mechanical purposes. To provide a solid protection for the roots of the teeth, and to afford attachment for the principal fibres of the periodontal membrane and for the insertion of Sharpey's fibres, would seem to be the only parts it is called upon to play-very important functions too, although essentially automatic ones, affording a strong attachment to the periodontal membrane and, therefore, for the tooth to its containing alveolar socket.
Frequently the palatal roots of maxillary molars become exposed through absorption and disappearance of the internal alveolar plate which normally covers them. Clinically, these roots may be sensitive to thermal and tactile impressions. This is due to the fact that, on account of the extreme tenuity of the layer of cementum over the dentine stimulations are readily carried through it to the dentine beneath. Cementum cannot generate, but it can and does transmit, impulses made on its free exposed surface to the pulp via the dentinal tubes of the contiguous dentine.
Clinical significance
In conclusion, the clinical significance of the cementum lies in its unique characteristics. It may be stated, as representing the truth of the whole matter, that, like enamel, it is a dense, inert, insensitive, inorganic, non-vascular, extremely narrow layer of tissue, whose sole office is that of affording attachment for a tooth to its articulation. When the pulp has been destroyed and removed from the pulp cavity and root canal, the cementum is unaffected in this respect, possibly also morphologically. It is primarily and essentially affected only by external diseases.
On the assumption that a tooth which fails to respond to properly applied tests for vitality is not alive, it is safe to assert that every pulpless tooth is necessarily a so-called "dead" tooth, but every "dead" tooth is not necessarily a pulpless tooth, for the pulp may exist in the pulp cavity in a condition of fibroid, atrophic, fatty, or calcareous, degeneration. None of these pathological states provokes sensation, or subjective symptoms of pain, or signs of discomfort.
Complete occlusion of the apical foramen is the usual accompaniment of an undue deposition of hyperplasic cementum. In these cases the blood vessels entering and leaving the pulp cavity are no longer able to carry nutrition to the pulp. The pulp then loses its sensitivity, ceases its functions, and practically remains as dead tissue.
Regarding the nutrition of the dental tissues, it may be positively declared that enamel and cementum are absolutely outside its pale. Nutrition depends upon the presence of an adequate blood supply. There are no blood vessels in either of these tissues, neither are there in human dentine. The latter is, however, partially nourished by an exudation of lymph, from the capillaries and arteries of the pulp, which passes into each dentinal tube. If a fresh sound tooth be cracked open, as in the jaws of a vise, the pulp and the surface of the dentinal walls can be observed to be bathed in a fluid, namely, lymph or serum from the liquor sanguinis, circulating in the blood vessels of the pulp.
A "dead" tooth, therefore, incapable of nutrition through removal of the pulp, becomes a foreign body in the mouth.
Living tissue is intolerant of foreign bodies. Dead bone is removed by ulceration in the form of a sequestrum. Dead foetuses are cast off in the course of a precocious parturition. Artificial substances, such as catgut or silkworm ligatures used in operations' become absorbed. Bullets may become absorbed, or remain as innocuous encapsulated masses in muscle or in bone. But in the case of socalled "dead" teeth, as a consequence of the unique nature of cementum and periodontal membrane, the body is tolerant. "Dead" teeth may remain as useful masticatory organs for twenty or more years, though in the long run they become loose by absorption, and by injury done to the alveolo-dental periosteum.
It is universally recognized that a tooth that has been removed from its socket, either by extraction or by dislocation, may regain its former immobility in its articulation with the jaw. This is due, not to repair or regeneration of the periodontal membrane, which is an impossible thing, but to the tooth being held in place by cicatricial tissue which is developed as the result of a traumatic inflammation following as a natural sequence on the injury it has sustained.
The pathological conditions which cementum may undergo are (1) caries, through a bacterial infection of the canals in which Sharpey's fibres run; (2) increase in volume, through the operation of osteoblasts giving rise to hyperplasia; (3) absorption or decrease in volume, through the activities of phagocytes which digest the hard matrix and excavate its surface, leaving scalloped markings called Howship's foveolae, in which the cells remain; and (4) old-age changes, in which the tissue becomes yellower and more transparent. These pathological phenomena are entirely of a mechanical kind. Some books refer to necrosis of cementum. This is an impossible condition. Necrosis is a termination of inflammation analogous to gangrene of the soft tissues. It depends essentially on the presence of blood vessels, which, as already noted, do not exist in cementum. When a tooth is spoken of as necrotic, the modem conception of inflammation has been overlooked and a false idea substituted. A tooth may be pulpless or "dead," but never necrotic. The pulp and periodontal membrane are its only constituents which are freely vascularized.
GENERAL REMARKS
On an intimate acquaintance with the minute anatomy of the dental tissues can be built a substantial foundation for certain physiological beliefs, just as in a larger sense theories of metabolism, reflex action, respiration, assimilation, etc., are based on well proven anatomical facts. One cannot but admire the inimitable arrangement of the parts which Nature has given to a perfect tooth (apart from the fact that such a tooth seldom exists in modern man) to make it an efficient instrument primarily for the comminution of food not only in regard to the anatomy and functions of its enamel, dentine, pulp and cementum, but also to the methods of its attachment to the osseous framework of the jaws. And it is only when interference with Nature and her immutable laws upsets the balance of this arrangement, that one has to cast about for explanations for physiological and pathological phenomena which are directly antagonistic and hurtful to the well-being of the teeth, and to the individual to whom they belong.
